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SPARK GAP OVERPRESSURES IN THE TRANSFER CAPACITOR DEVICE-

L. C. Eurldmrdt and R. S. Dike
Los Alamos Scientific Laboratory
of the Unlverslty of Califo.mia

Los AlaGIos, Neu t4exico

A designer of spark gaps la often faced with two
gas pressure problems, one static and one dynamic. The
fofmer is easy to obtain data on which to base intelli-
gent design specifications; about the latter, leas la
known . It is the total internal pressure environment
wa have attempted to ❑eaeure, in an un-time-resolved
way, in order to give the designer some rationale in
designing gaps of this oategory. He ❑ easure
overpressures of - 400 PSI in a 13 cubic inch gap
passing currents of . 200 kA.

A eecondary reaaon for doing this work ia that
whenever a epark gap eelf-destructs, it often is diffi-
cult to determina, after the fact, whether an
electrical failure preceded the mechanical breakdown,
or whether mechanical failure led to the electrical
trouble.

In onier to ❑ easure the peak pressures in a apark
gap we have applied the anvil-ball-sheet-of-lead method
M the diagnostic. In ordnance work this arrangement
ie called a crusher gauge whare such a device Is used
to meaaure the ‘gn forces of a propellant charge. ‘ The
apark gap under study was-the transfer switch in the
peaking capacitor circuit. < In terms of plcicement in
the electrio circuit, the spark gap la SW3 in Fig. 1 (a
aohematio of an apparatue designed primarily for other
atudias).

Often thought of mostly as en electrical device, a
aperk gap la alao a physical structure having proper-
tlea and undergoing stresees that have not been
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studied, perhape, in sufficient detail. Me question
alwaya confronting the designer ia: how ❑uch over-
preasure durint? the spark phase will the spark gap have
to endure? The static preeaure, often 50 to 60 PSI, is
known and its effects calculable. (Actually the air
pressure here controls the electrical breakdown voluge
lavel of the apark gap; this static pressure doea not
really affect the crusher gauge.) In the field, the
spark gap ❑ust withstand the static plus dynamlo
preaaure generated during the firing of the spark gap;
Lhe dynamite are both leaa known and iess oaloulable.

It had long been auapected that the overpreseures
anoountered were high (baaed upon experience and intui-
tion). Along with the ❑egnltude of the preaaure peak
it would be even more instructive to ❑eaaure the pres-
aure~a time history. Although the technology probably
exiata now in a form ❑ore aophiati ated than the state

3of the art practioed by Blacketock and othera In 1964,
we ❑ade no attempt--as a result of programmatic
reaaona--to meaaure pre~sure aa a function of time.
Here we recorded only the integrated pressure effect.
The electrical impulse la short compared with the
inertial reaponae of thm diagnostic aystam, which Is
drawn h Fig. 2.

Hot neutral gaaea impinge upon the exposed
0.037 sqm in. of the piston, which in turn ❑eves the
steel ball into the Pb disc. The diameter of the
crater left in the Pb disc can, in turn, be compared
with the craters cauaed by predetermined loadings.
(Magnetic preaaure, within the limits :)f the measure-
❑ent, does not introduce an error.) Figure 3 showethe
affectof applying known weights to the top of a 0.125W
diaueter ball; the diameter of the resulting crater 1s
plotted as thz ordinate.

For example, a 20 pound load made a crater in the
Pb having a diameter of 0.060n, aa seen In Fig. 3.
Figure 4 relates a 0.060” crater to an overpraaaure on
the sensing piston amounting to 540 PSI.
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FIK. 1.
Electrical schematic of exiwriinantal circuit; note 5U3
la gap under study. Orientation of crusher gauge in the bottom of the gap.
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FIR. 2 a.
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Meohanioal details of crunher gauge.
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Calibration ourve relating crater chamber to known
weights.

Thus we obtain frcm the relationship

S = P/A x 20/0.037 sq. in. c 5U0 PSI.

Other values used were 14 pounds fnr 378 PSI, 9 pounds
for 243 PSI, U pounds for 108 PSI ate, aa eramplas.
(Tne gap haa a volume of - 13 cubic inches in uhlch the
trapped gaaaa may expend.)
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Fig. 4.
Ueaaurad crater diemeterm aa a funotlon CC gap currant.

Naving thus obtained a calibration, w installed
en unblamiahed disc into the crusher gauge and fired
the machine by discharging the electrical energy into
en L-C ringing load through SW
stored eneruiea. Some tmica~”;;~~t~o~r~;;hi~~
parameters a;e ahoun in Tabl_o I.

TABLE I

‘(Marxed)
c
c;;
Q
I

mrx

T
decay (lie)

Table II ahowa the raw data.

TABLE II

Dlam Diam
M m

86.6 0.80 0.0315
135.0 0.98 0.0385

200.2 1.25 0.0u92

85 kV
2.8 )IF
0.32~F
0.24

156 kA
5 pa

. 20 ua

E& EsL

5 140

7.5 260
16 395

Figure 5 suumarizea tha overpreaaure’s depandance
upon the ourrent transferred through .W3; the typical
error la an estimate. It would have baan interesting
to pursue this study to impro$e the atatiatica;
however, ap~ce had to be made for l.he construction of
ZT-40, a large reveraad Field pinch at LASL.

He conclude from these ❑eaaurementa on the spark
gap that the overpreaawea are significant enough that
proper account shall be ❑ode of’ such additional forces
when designing conatralnt members uhoae function la to
contain all the forces. This should be done strictly
on a ❑echanical baais and without considering the
postulated electrical cauaea of fellure.

The authora would like to thank A. T. Brouaaeau,
D. L. Jardine, and R. O. Helm, and J. L. Jolin for
thair te~hnlcal aaaiatance; and D. A. Baker and

J, N. Di Maroo For adminlatering and initiating the
projeot from whloh thin nork was spun off.
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Work peri’onnad under the auspices of the U.S.
K!i3partment of Mergy.

--
Deduced gap uverpreaaure as a function Or gap
electrical current.
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